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jt Claims 

WHAT IS CLAIMED IS: 




66. A capacitor, comprising: 
a lower capacitor plate comprisin^^condu^^layer overlying a texturizing layer; the 

texturizing layer comprising nanostructures comprising a silicon-comprising ceramic; 
a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 

67. The capacitor of Claim 66, wherein the nanostructures comprise a silicon oxycarbide 
ceramic. 

68. The capacitor of Claim 66, wherein the nanostructures are in the form of porous 
structures. 



69. The capacitor of Claim 66, wherein the nanostructures are in the form of relief structures. 

70. The capacitor of Claim 69, wherein the nanostructures are in the form of struts. 



m 
o 



71 . The capacitor of Claim 66, wherein the nanostructures are formed by ultravioleto -k 23 
irradiation and ozonolysis of a polymeric material comprising a hydrocarbon block and a> ^ 

- j rn 

silicon-containing block. £ -<1 

5 s rn 

72. The capacitor of Claim 71 , wherein the polymeric material comprises a volume f@:tion 

o 

of the hydrocarbon block relative to the silicon-containing block to form a relief nanostructure. 

73. The capacitor of Claim 71, wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a porous nanostructure. 

74. The capacitor of Claim 71 , wherein the hydrocarbon block comprises polyisoprene, and 
the silicon-comprising block comprises poly(pentamethyldisilylstyrene). 
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75. The capacitor of Claim 71, wherein the polymeric material comprises 
poly(dimethylsiloxane). 

76. The capacitor of Claim 66, wherein the dielectric layer comprises silicon nitride. 

77. The capacitor of Claim 66, wherein the upper capacitor electrode comprises a doped 
polysilicon. 

78. The capacitor of Claim 66, wherein the upper capacitor electrode comprises a conductive 
metal. 

79. The capacitor of Claim 66, wherein the capacitor is integrated into a DRAM cell. 

80. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising nanostructures comprising a silicon oxycarbide ceramic; 
a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 

81 . The capacitor of Claim 80, wherein the nanostructures are in the form of porous 
structures. 

82. The capacitor of Claim 80, wherein the nanostructures are in the form of relief structures. 

83. The capacitor of Claim 82, wherein the nanostructures are in the form of struts. 
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84. The capacitor of Claim 83, wherein the nanostructures comprise an ultraviolet irradiated 
and ozonolyzed polymeric material comprising a hydrocarbon block and a silicon-containing 
block. 

85. The capacitor of Claim 80, wherein the capacitor is integrated into a DRAM cell. 

86. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising nanostructures comprising a polymeric silicon-comprising ceramic 
formed by UV irradiation and ozonolysis of a polymeric material comprising a hydrocarbon 
block and a silicon-containing block; 



an upper capacitor plate overlying the dielectric layer. 

87. The capacitor of Claim 86, wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a relief nanostructure. 

88. The capacitor of Claim 86, wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a porous nanostructure 



130. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising surface dislocations comprising an annealed conductive metal, and 



the overlying conductive layer comprising clusters of a conductive metal formed on the surface 



a dielectric layer overlying the lower capacitor plate; and 




dislocations of the texturizing layer; 

a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 



MKE/739880.3 

USSN 10/050,390 

Docket: MTI-31269 

Claims (amended March 2003) 



Replacement Claims 



131. The capacitor of Claim 1 30 5 wherein the texturizing layer comprises a strain relief 
pattern. 

132. The capacitor of Claim 1 30, wherein the texturizing layer comprises a trigonal 
dislocation network comprising a plurality of unit cells. 

133. The capacitor of Claim 130, wherein the overlying conductive layer comprises one island 
cluster within a single unit cell of the dislocation network. 

1 34. The capacitor of Claim 1 30, wherein the texturizing layer comprises an annealed layer of 
a first and second conductive metal, the first conductive metal selected from the group consisting 
of platinum, and the second conductive metal is selected from the group consisting of silver, and 
copper. 

135. The capacitor of Claim 130, wherein the texturizing layer comprises an annealed layer of 
platinum and silver, and the overlying conductive layer comprises a gaseous deposit of silver. 

136. The capacitor of Claim 130, wherein the texturizing layer comprises an annealed layer of 
platinum and copper, and the overlying conductive layer comprises a gaseous deposit of cobalt. 

1 37. The capacitor of Claim 1 30, wherein the upper capacitor plate comprises a doped 
polysilicon. 

138. The capacitor of Claim 130, wherein the upper capacitor plate comprises a conductive 
metal. 

139. The capacitor of Claim 130, wherein the capacitor is integrated into a DRAM cell. 
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1 40. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising a periodic network of surface dislocations comprising an annealed 
conductive metal overlying the insulative layer; and the lower capacitor plate comprising an 
ordered array of nanostructures formed on the surface dislocations of the texturizing layer; 

a dielectric layer overlying the lower capacitor plate; and 

an upper capacitor plate overlying the dielectric layer. 

141 . The capacitor of Claim 140, wherein the texturizing layer comprises an annealed layer of 
a first and second conductive metal, and the overlying conductive layer comprises a gaseous 
deposit of a third conductive metal. 

142. The capacitor of Claim 140, wherein the texturizing layer comprises platinum and silver, 
and the overlying conductive layer comprises silver. 

143. The capacitor of Claim 140, wherein the texturizing layer comprises platinum and 
copper, and the overlying conductive layer comprises cobalt. 

1 44. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising an annealed layer of a first and second conductive metal comprising 
surface dislocations, and the conductive layer comprising agglomerated island clusters of a 
conductive metal on the surface dislocations of the texturizing layer; 

a dielectric layer overlying the lower capacitor plate; and 

an upper capacitor plate overlying the dielectric layer. 

145. The capacitor of Claim 144, wherein the conductive layer comprises a gaseous deposit of 
a third conductive metal to form the agglomerated island clusters. 
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146. The capacitor of Claim 144, wherein the texturizing layer comprises platinum and silver, 
and the overlying conductive layer comprises silver. 

147. The capacitor of Claim 144, wherein the texturizing layer comprises a strain relief 
pattern. 

148. The capacitor of Claim 144, wherein the texturizing layer comprises a trigonal 
dislocation network comprising a plurality of unit cells. 

149. The capacitor of Claim 148, wherein the overlying conductive layer comprises one island 
cluster within a single network unit cell of the texturizing layer. 

150. The capacitor of Claim 144, wherein the capacitor is integrated into a DRAM cell. 

151. A semiconductor circuit, comprising a capacitor; 

the capacitor comprising a lower capacitor plate comprising a conductive layer overlying 
a texturizing layer; the texturizing layer comprising nanostructures comprising a silicon 
oxycarbide ceramic and formed by ultraviolet irradiation and ozonolysis of a polymeric material 
comprising a hydrocarbon block and a silicon-containing block. 

1 52. The semiconductor circuit of Claim 151, wherein the nanostructures form a periodic 
network, and the overlying conductive layer comprises an ordered array of island clusters. 

153. The semiconductor circuit of Claim 151, wherein the nanostructures are in the form of 
porous structures. 

1 54. The semiconductor circuit of Claim 151, wherein the nanostructures are in the form of 
relief structures. 
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1 55. The semiconductor circuit of Claim 151, wherein the conductive layer of the lower 
capacitor electrode comprises doped amorphous silicon, pseudo-crystalline silicon, or 
polycrystalline silicon. 

1 56. The semiconductor circuit of Claim 151, wherein the conductive layer of the lower 
capacitor electrode comprises a conductive metal. 

157. A semiconductor circuit, comprising a capacitor; 

the capacitor comprising a lower capacitor plate comprising a conductive layer overlying 
a texturizing layer; the texturizing layer comprising an annealed layer of a first and a second 
conductive metal comprising surface dislocations; and the overlying conductive layer comprising 
agglomerated island clusters of a conductive metal on the surface dislocations of the texturizing 
layer. 

158. An integrated circuit, comprising: 
an array of memory cells; 
internal circuitry; and 

at least one capacitor formed in a container and in electrical contact with an active area 
within a semiconductive substrate of the memory cell array, the capacitor comprising a lower 
capacitor plate comprising a conductive layer overlying a texturizing layer; the texturizing layer 
comprising nanostructures comprising a polymeric silicon-comprising ceramic formed by UV 
irradiation and ozonolysis of a polymeric material comprising a hydrocarbon block and a 
silicon-containing block. 

1 59. An integrated circuit, comprising: 
an array of memory cells; 
internal circuitry; and 

at least one capacitor formed in a container and in electrical contact with an active area 
within a semiconductive substrate of the memory cell array, the capacitor comprising a lower 
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capacitor plate comprising a conductive layer overlying a texturizing layer; the texturizing layer 
comprising an annealed layer of a first and a second conductive metal comprising surface 
dislocations; and the overlying conductive layer comprising agglomerated island clusters of a 
conductive metal on the surface dislocations of the texturizing layer. 

1 60. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising an ordered array of nanostructures of substantially uniform size; 
a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 

161 . The capacitor of Claim 160, wherein the texturizing layer comprises a polymeric 
material. 

162. The capacitor of Claim 161, wherein the polymeric material comprises a hydrocarbon 
block and a silicon-containing block. 

163. The capacitor of Claim 162, wherein the polymeric material comprises polyisoprene and 
poly(pentamethyldisilylstyrene). 

164. The capacitor of Claim 160, wherein the texturizing layer comprises a conductive 
material. 

165. The capacitor of Claim 164, wherein the texturizing layer comprises at least two 
conductive metals. 

166. The capacitor of Claim 165, wherein the texturizing layer comprises platinum, and at 
least one of silver and copper. 
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1 67. The capacitor of Claim 1 64, wherein the conductive layer comprises a plurality of metal 
island clusters. 

1 68. The capacitor of Claim 1 60, wherein the texturizing layer comprises a plurality of two- 
dimensional structures. 

169. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising a periodic network of surface structures having a substantially 
uniform height; 

a dielectric layer overlying the lower capacitor plate; and 

an upper capacitor plate overlying the dielectric layer. 

1 70. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising an ordered array of nanostructures of substantially uniform 
dimensions; 

a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 

171. A semiconductor circuit, comprising a capacitor according to Claim 160. 

172. The circuit of Claim 171, wherein the texturizing layer comprises a polymeric material. 

173. The circuit of Claim 1 72, wherein the polymeric material comprises a hydrocarbon block 
and a silicon-containing block. 

1 74. The circuit of Claim 171, wherein the texturizing layer comprises a conductive material. 
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1 75. The circuit of Claim 1 74, wherein the texturizing layer comprises at least two conductive 
metals. 

1 76. The circuit of Claim 1 75, wherein the texturizing layer comprises platinum, and at least 
one of silver and copper. 

177. A semiconductor circuit, comprising a capacitor according to Claim 169. 

1 78. A semiconductor circuit, comprising a capacitor according to Claim 1 70. 

179. An integrated circuit, comprising: 
an array of memory cells; 
internal circuitry; and 

at least one capacitor according to Claim 160, the capacitor formed in a container and in 
electrical contact with an active area within a semiconductive substrate of the memory cell array. 

180. The circuit of Claim 179, wherein the texturizing layer comprises a polymeric material. 

181. The circuit of Claim 1 80, wherein the polymeric material comprises a hydrocarbon block 
and a silicon-containing block. 

182. The circuit of Claim 179, wherein the texturizing layer comprises a conductive material. 

1 83. The circuit of Claim 1 82, wherein the texturizing layer comprises at least two conductive 
metals. 

1 84. The circuit of Claim 1 83, wherein the texturizing layer comprises platinum, and at least 
one of silver and copper. 
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185. An integrated circuit, comprising: 
an array of memory cells; 
internal circuitry; and 

at least one capacitor according to Claim 169, the capacitor formed in a container and in 
electrical contact with an active area within a semiconductive substrate of the memory cell array. 

1 86. An integrated circuit, comprising: 
an array of memory cells; 
internal circuitry; and 

at least one capacitor according to Claim 1 70, the capacitor formed in a container and in 
electrical contact with an active area within a semiconductive substrate of the memory cell array. 

1 87. An integrated circuit supported by a substrate, and comprising a capacitor according to 
Claim 66. 

188. An integrated circuit supported by a substrate, and comprising a capacitor according to 
Claim 130. 



1 89. An integrated circuit supported by a substrate, and comprising a capacitor according to 
Claim 160. 




190. (new) A lower capacitor electrode, produced by the process of: 

depositing a polymeric material comprising a hydrocarbon block and a silicon-containing 
block onto an insulative layer; and exposing the polymer material to ozone and electromagnetic 
radiation to form a texturizing layer comprising an ordered array of nanostructures of 
substantially uniform size; and 

forming a conductive layer over the texturizing layer. 
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191. (new) The electrode of Claim 190, wherein the polymeric material comprises a triblock 
copolymer of the type AiBA 2 , where the "A" copolymer is the hydrocarbon block and the "B" 
copolymer is the silicon-containing block. 

192. (new) The electrode of Claim 190, wherein the polymeric material comprises polyisoprene 
and poly(pentamethyldisilylstyrene). 

193. (new) A lower capacitor electrode, produced by the process of: 

depositing a first conductive metal onto an insulative layer, depositing a second 
conductive metal onto the first conductive metal, and annealing the metals to form a texturizing 
layer; and 

forming a conductive layer over the texturizing layer. 

194. (new) The electrode of Claim 193, wherein the texturizing layer comprises platinum, and 
at least one of silver and copper. 

195. (new) The electrode of Claim 193, wherein the step of forming the conductive layer over 
the texturizing layer comprises depositing a conductive metal in a gaseous phase. 

196. (new) The electrode of Claim 193, wherein the conductive layer comprises metal island 
clusters. 

197. (new) A lower capacitor electrode, produced by the process of: 

depositing a texture-forming material onto an insulating layer; 
forming the material into an ordered array of nanostructures of substantially uniform 
dimensions; and 

depositing a conductive layer onto the nanostructures. 
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198. (new) A capacitor, produced by the process of: 

depositing a silicon-comprising hydrocarbon polymeric material into an opening in an 
insulating layer, and exposing the polymeric material to ultraviolet radiation and ozone to form a 
texturizing layer comprising silicon oxycarbide ceramic nanostructures; 

forming a conductive layer over the texturizing layer to form a lower capacitor electrode; 

forming a dielectric layer over the lower capacitor electrode; and 

forming an upper capacitor electrode over the dielectric layer. 

199. (new) A lower capacitor electrode, produced by the process of: 

depositing a conformal layer of a first conductive metal onto a substrate, depositing one 
or more conformal layers of a second conductive metal over the first conductive metal layer, and 
annealing the first and second conductive metal layers to form a texturizing underlayer; and 

depositing a layer of a third conductive metal in gas phase onto the texturizing layer. 

200. (new) The electrode of Claim 199, wherein the step of depositing the second conductive 
metal comprises depositing a plurality of monolayers of the second conductive metal. 

201 . (new) The electrode of Claim 199, wherein the first and second metal layers are annealed 
to a temperature of about 800K. 

202. (new) The electrode of Claim 199, wherein the step of depositing the third conductive 
metal comprises depositing the metal by evaporation technique at a temperature of about 100K to 
about 130K. 

203. (new) A capacitor, produced by the process of: 

depositing a conformal layer of a first conductive metal into an opening in an 
insulating layer, depositing a conformal layer of a second conductive metal over the first 
conductive metal layer, and annealing the first and second conductive metal layers to form a 
texturizing layer over the insulating layer within the opening; 
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depositing a layer of a third conductive metal in gas phase onto the texturizing layer to 
form a lower capacitor electrode, wherein the third conductive layer agglomerates onto the 
texturizing layer to form nanostructures; 

forming a dielectric layer over the lower capacitor electrode; and 

forming an upper capacitor electrode 

— 
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A method of forming a lower capacitor electrode, comprismgTKo st e ps of: 



Blacklined Claims 




forming a texturizing layer ov e r an insulativ e lay e r, the tcxturizing lay e r comprising an 
ord e r e d array of nanostructur c s of substantially uniform size; and 
forming a conductive lay e r ov e r th e tcxturizing lay e r. 

^ Th e method of Claim 1, wher e in th e t e xturizing layer comprises a polymeric material. 

^ The method of Claim 2, wherein th e polymeric material comprises a hydrocarbon block 

and a silicon containing block. 

4^ Th e method of Claim 3, wherein the polymeric material comprises polyisopr e n e and 

poly(pentam e thyldisilylstyrcn o ). 

^ Th e method* of Claim 2, wherein th e st e p of forming th e t e xturizing lay e r comprising 

d e positing a polym e ric mat e rial comprising a hydrocarbon block and a silicon containing block 
onto the insulativ e lay e r; and e xposing the polym e r mat e rial to, ozon e and el e ctromagnetic 
radiation. 

& Th e method of Claim 1, wherein the t e xturizing layer comprises a conductiv e material. 

^ Th e m e thod of Claim 6, wherein th e t e xturizing lay e r comprises at least tw r o conductive 

m e tals. 

& Th e m e thod of Claim 7, wh e rein the tcxturizing layer compris e s platinum, and at l e ast 

on e of silv e r and copper. 

^ Th e method of Claim 7, wherein th e st e p of forming th e t e xturizing lay e r comprises: 

d e positing a first conductiv e metal onto th e insulativ e layer; 
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depositing a second conductive metal onto the firot conductive metal; and 
ann e aling the metals to form a strain relief pattern. 

Th e m e thod of Claim 9, wherein th e st e p of forming th e conductive layer over the 

t e xturizing layer compris e s depositing a conductive metal in a gaseous phase. 

Th e method of Claim 10, wherein the conductiv e layer comprises a plurality of metal 

island clusters. 

^ Th e m e thod of Claim 9, wherein th e texturizing layer comprises a plurality of two - 
dim e nsional structur e s. 

A m e thod of forming a lower capacitor electrod e , comprising th e st e ps of: 

forming a t e xturizing layer over an insulating layer, the texturizing layer comprising a 
periodic network of surface structures having a substantially uniform h e ight; and 
forming a conductiv e lay e r over the texturizing layer. 

^ A m e thod of forming a lower capacitor electrode, comprising th e steps of; 

d e positing a t e xture forming material onto an insulating lay e r; 

forming the mat e rial into an ordered array of nanostructur e s of substantially uniform 
dim e nsions; and 

d e positing a conductive lay e r onto th e nanostructures. 

^ A m e thod of forming a low e r capacitor e lectrod e in a contain e r formed within an 

insulativ c lay e r ov e rlying a substrat e in a semiconductor d e vice, the method comprising the steps 
e£ 

forming a texturizing und c rlayor by depositing a polymeric material over th e insulativc 
lay e r, and exposing th e polymeric mat e rial to ultraviolet radiation and ozone wh e r e by the 
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polym e ric material forms into nanostructures comprising a silicon comprising c e ramic; the 
polymeric material comprising a hydrocarbon block and a silicon containing block; and 
forming a conductiv e lay e r ov e r th e t e xturizing layer. 

-N* Th e m e thod of Claim 15, wh e r e in the st e p of forming th e texturizing lay e r comprises 

e xposing th e polymeric material to th e ultraviol e t light and ozon e at room t e mperatur e . 

+^ Th e method of Claim 15, wh e r e in th e polymeric mat e rial compris e s a triblock copolym e r 

of th e typ e wh e r e the "A" copolym e r is the hydrocarbon block and th e "B" copolym e r is 

th e silicon containing block. 

Th e m e thod of Claim 17, wh e r e in th e hydrocarbon block compris e s polyisopr e n e . 

Th e method of Claim 17, wher e in th e silicon comprising block comprises 

poly(p e ntam e thyldisilylstyrene). 

2& Th e m e thod of Claim 1 5, wherein the polym e ric mat e rial compris e s 

poly(dim e thylsiloxan e ). 

2h Th e m e thod of Claim 15, wh e r e in th e polymeric mat e rial compris e s a volum e fraction of 

th e hydrocarbon block r e lative to th e silicon containing block to form a r e li e f structure. 

23r- The method of Claim 15, wh e rein th e polymeric mat e rial compris e s a volum e fraction of 

th e hydrocarbon block r e lativ e to th e silicon containing block to form a porou s structur e . 

2& Th e m e thod of Claim 15, wh e r e in th e st e p of d e positing th e polym e ric mat e rial comprises 

a vapor deposition polym e rization. 
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34: The method of Claim 15, vvhoroin the stop of d e positing the polymeric material comprises 

fi e ld e nhanced polym e rization vapor deposition polymerization. 

3^ Th e method of Claim 15, wh e rein th e step of depositing th e polym e ric mat e rial compris e s 

a spin on d e position. 

2& Th e m e thod of Claim 15, wh e rein th e st e p of depositing th e polymeric material comprises 

a Langmuir Blodg e tt d e position. 

2^ Th e m e thod of Claim 15, wh e rein the nanostructures ar e in th e form of porous structur e s. 

2& Th e m e thod of Claim 15, wherein th e nanostructures ar e in the form of relief structures. 

3£ Th e m e thod of Claim 28, wherein the r e lief structures are sel e ct e d from th e group 

consisting of struts and gyroids. 

5& The method of Claim 28, wherein th e nanostructures ar e in th e form of struts. 

The m e thod of Claim 15, further comprising, after th e st e p of forming th e conductive 

lay e r, the st e ps of: 

forming a di e lectric layer over th e low e r electrode; and 
forming an upp e r capacitor electrode ov e r the di e lectric layer. 

^ Th e method of Claim 15, wher e in the substrat e comprises a diffusion area, and a 

conductive plug is form e d in an op e ning through th e insulative lay e r and in e l e ctrical contact 
with the diffusion ar e a and the lower capacitor electrode. 

^ Th e m e thod of Claim 15, wherein th e capacitor is integrat e d into a DRAM c e ll. 
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34: A m e thod of forming a capacitor in a semiconductor device, comprising th e stops of: 

providing a substrate comprising a diffusion ar e a, an insulativc lay e r overlying the 

substrat e , a conductiv e plug form e d in an opening through the insulativo layer and in electrical 

contact with the diffusion area in th e substrat e , and a container opening formed through the 

insulating layer to expose a portion of the conductive plug; 

forming a texturizing lay e r by d e positing a silicon comprising hydrocarbon polymeric 

material over the insulating lay e r and the conductive plug, and exposing the polym e ric material 

to ultraviol e t radiation and ozon e to form nanostructur e s comprising a silicon oxycarbidc 

c e ramic; 

r e moving at l e ast a portion of the t e xturizing lay e r to expose the conductiv e plug; 
forming a conductive lay e r over th e t e xturizing layer to form the low e r capacitor 
e l e ctrode; 

forming a di e l e ctric layer over th e low e r electrode; and 
forming an upp e r capacitor el e ctrod e over th e di e l e ctric layer. 

^ The m e thod of Claim 31, wh e rein the polym e ric material compris e s a triblock copolym e r 

of the type A+ BA3 , wher e the "A" copolymer is th e hydrocarbon block and the "B" copolym e r is 
th e silicon containing block. 

3& Th e m e thod of Claim 35, whoroin th e hydrocarbon block compris e s polyisoprcn c . 

^ Th e m e thod of Claim 35, wh e rein the silicon comprising block comprises 

poly(pentamethyldisilylstyrcno). 

The method of Claim 31, whoroin the polym e ric mat e rial comprises 

poly(dimethylsiloxan c ). 

^ Th e m e thod of Claim 31, wherein th e polym e ric material compris e s a volum e fraction of 

the hydrocarbon block relative to the silicon containing block to form a relief structure. 
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4& The method of Claim 31, whcroin the polymeric material comprises a volume fraction of 

the hydrocarbon block relative to the silicon containing block to form a porous structure. 

^ The method of Claim 31, further comprising, after the stop of forming the conductive 

lay e r, the st e ps of: 

forming a barri e r layer to fill the container; 

r e moving the conductive layer from horizontal surfaces of the insulativc lay e r; and 
r e moving the barrier lay e r from the contain e r. 

437 Th e m e thod of Claim 11, wherein th e barrier layer compris e s a resist mat e rial. 

4^ Th e method of Claim 11, wherein the stop of r e moving th e conductiv e layer is by 

chemical m e chanical polishing. 

^ The method of Claim 11, further comprising, after the st o p of removing th e barrier layer, 

the st e p of removing native oxide from exposed surfaces of th e insulating layer and the 
conductiv e lay e r. 

4^ Th e m e thod of Claim 11, whcroin the stop of r e moving th e native oxide is by a 

hydrofluoric acid clean. 

4& A m e thod of forming a capacitor in a s e miconductor devic e , the semiconductor device 

comprising a substrate having a diffusion area formed th e rein, an insulativc lay e r overlying the 
substrate, a conductive plug formed in an opening through the insulativc layer and in electrical 
contact with the diffusion area in the substrate, and a container opening formed through the 
insulating layer to expos e a portion of the conductive plug; the method compri s ing th e steps of: 

forming a t o xturizing layer over the insulating layer and the conductive plug by 
depositing a silicon comprising hydrocarbon polymeric material thereover and exposing the 
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polym e ric material to ultraviol e t radiation and ozono, wher e by the polymeric material forms 
nanostructur e s comprising a silicon - comprising c e ramic; 

r e moving at l e ast a portion of th e t e xturizing lay e r to e xpose th e conductiv e plug; 

forming a conductiv e lay e r ov e r th e t e xturizing lay e r to form th e low e r capacitor 
e l e ctrod e ; 

forming a di e l e ctric lay e r ov e r the low e r e l e ctrod e ; and 
forming an upp e r capacitor e l e ctrod e ov e r th e di e l e ctric lay e r. 

47^ Th e m e thod of Claim 46, wh e r e in th e t e xturizing lay e r compris e s a silicon oxycarbide 

c e ramic. 

4& Th e method of Claim 46, wh e r e in th e st e p of forming th e t e xturizing lay e r compris e s 

e xposing th e polym e ric material to th e ultraviol e t light and ozon e at room t e mp e rature. 

4£ Th e m e thod of Claim 4)6, wh e r e in th e polym e ric material compris e s a volum e fraction of 

th e hydrocarbon block r e lative to th e silicon containing block to form a r e li e f structur e . 

Th e method of Claim 4 6, wh e rein th e polymeric mat e rial compris e s a volum e fraction of 

th e hydrocarbon block r e lativ e to th e silicon containing block to form a porous structur e . 

Th e m e thod of Claim 46, wherein th e nanostructur e s ar e in th e form of struts. 

£2t A m e thod of forming a lower capacitor e l e ctrod e in a s e miconductor d e vic e , th e 

s e miconductor d e vice comprising a substrat e , an insulative lay e r ov e rlying th e substrat e , a 
conductiv e plug form e d within an opening in th e insulativ e lay e r and in e l e ctrical contact with an 
activ e ar e a within th e substrat e , and an op e ning form e d through th e insulating lay e r and e xposing 
a surfac e of th e conductiv e plug; th e m e thod comprising th e st e ps of: 

fo rming a t e xturizing lay e r comprising nanostructures comprising a silicon comprising 
c e ramic, th e t e xturizing lay e r form e d by d e positing a polym e ric mat e rial ov e r th e insulating lay e r 
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and th e conductive plug, and oxposing tho polymeric mat e rial to ultraviolet radiation and ozone 

at room temperature to form th e nanostructur e s; the polymeric material comprising a 

hydrocarbon block and a silicon containing block; 

removing at l e ast a portion of th e t e xturizing lay e r to e xpose th e conductiv e plug; and 
forming a conductiv e lay e r over th e t e xturizing lay e r to form th e low e r capacitor 

e l e ctrod e . 

Th e m e thod of Claim 52, wh e r e in th e nanostructur e s compris e a silicon oxycarbid e 

c e ramic. 

54 Th e method of Claim 52, wh e r e in th e polymeric mat e rial compris e s a volum e fraction of 

th e hydrocarbon block r e lativ e to th e silicon containing block to form a r e li e f structur e . 

The m e thod of Claim 52, wh e r e in th e polymeric material compris e s a volum e fraction of 

th e hydrocarbon block r e lativ e to th e silicon containing block to form a porous structur e . 

Th e m e thod of Claim 52, wh e r e in th e polymeric mat e rial compris e s a triblock copolym e r 

of th e typ e A4 &A2 , where th e "A" copolym e r is the hydrocarbon block and th e "B" copolym e r is 
th e silicon containing block. 

5^ Th e method of Claim 56, wh e r e in th e hydrocarbon block compris e s polyi s opr e n e , and 

the silicon comprising block compris e s poly(p e ntam e thyldisilylstyr e n e ). 

5& The m e thod of Claim 52, wh e r e in th e polym e ric mat e rial comprises 

poly(dim e thylsiloxan e ). 

59: A m e thod of forming a capacitor in a s e miconductor d e vic e , th e s e miconductor d e vic e 

comprising a substrat e , an insulativ e lay e r ov e rlying th e substrat e , a conductiv e plug form e d 
within an op e ning in th e insulativ e lay e r and in e l e ctrical contact with an activ e ar e a within th e 
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substrate, and a container formed through the insulating layer and exposing a surface of the 

conductive plug; the m e thod comprising the steps of: 

forming a tcxturizing layer comprising nanostructures comprising a silicon comprising 

c e ramic, the texturizing layer formed by depositing a polymeric mat e rial over the insulating lay e r 

and the conductive plug, and exposing the polym e ric material to ultraviolet radiation and ozone 

at room temperature to form the nanostructures; the polymeric material comprising a 

hydrocarbon block and a silicon containing block; 

r e moving at least a portion of the tcxturizing layer to expose th e conductiv e plug; and 
forming a conductive layer ov e r th e tcxturizing layer to form the low e r capacitor 

e l e ctrode; 

forming a barri e r layer to fill the contain e r; 

r e moving the conductive layer from horizontal surfac e s of the insulativ o layer; 
removing th e barrier layer from the container; 
forming a diel e ctric lay e r ov e r the low e r e lectrod e ; and 
forming an upp e r capacitor electrod e over the di e lectric layer. 

6& Th e method of Claim 59, whoroin the nanostructur e s comprise a silicon oxycarbidc 

c e ramic. 



^ The method of Claim 59, whoroin the polymeric material comprises a volum e fraction of 

the hydrocarbon block relativ e to the silicon containing block to form a relief structure. 

^ The method of Claim 59, whoroin th e polym e ric mat e rial comprises a volume fraction of 

th e hydrocarbon block relative to th e silicon containing block to form a porous structure. 

^ Th e m e thod of Claim 59, wherein th e barrier layer comprises a resist material, and the 

st e p of removing the barrier layor is by a piranha wet otch comprising sulfuric acid and an 
oxidant. 
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^ The method of Claim 59, wherein the barrier layer is a resist material, and tho step of 

r e moving the barrier layer is by a wet etch comprising an organic solvent. 

6£ Tho method of Claim 59, further comprising, after the step of removing tho barrier layer, 

the step of removing native oxide from exposed surfac e s of th e insulating layer and the 
conductive layer. 

66. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising nanostructures comprising a silicon-comprising ceramic; 
a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 

67. The capacitor of Claim 66, wherein the nanostructures comprise a silicon oxycarbide 
ceramic. 

68. The capacitor of Claim 66, wherein the nanostructures are in the form of porous 
structures. 

69. The capacitor of Claim 66, wherein the nanostructures are in the form of relief structures. 

70. The capacitor of Claim 69, wherein the nanostructures are in the form of struts. 

71 . The capacitor of Claim 66, wherein the nanostructures are formed by ultraviolet 
irradiation and ozonolysis of a polymeric material comprising a hydrocarbon block and a 
silicon-containing block. 

72. The capacitor of Claim 71, wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a relief nanostructure. 
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73. The capacitor of Claim 71 , wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a porous nanostructure. 

74. The capacitor of Claim 7 1 , wherein the hydrocarbon block comprises polyisoprene, and 
the silicon-comprising block comprises poly(pentamethyldisilylstyrene). 

75. The capacitor of Claim 71 , wherein the polymeric material comprises 
poly(dimethylsiloxane). 

76. The capacitor of Claim 66, wherein the dielectric layer comprises silicon nitride. 

77. The capacitor of Claim 66, wherein the upper capacitor electrode comprises a doped 
polysilicon. 

78. The capacitor of Claim 66, wherein the upper capacitor electrode comprises a conductive 
metal. 



79. The capacitor of Claim 66, wherein the capacitor is integrated into a DRAM cell. 

80. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising nanostructures comprising a silicon oxycarbide ceramic; 
a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 

81 . The capacitor of Claim 80, wherein the nanostructures are in the form of porous 
structures. 
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The capacitor of Claim 80, wherein the nanostructures are in the form of relief structures. 



83. The capacitor of Claim 82, wherein the nanostructures are in the form of struts. 

84. The capacitor of Claim 83, wherein the nanostructures comprise an ultraviolet irradiated 
and ozonolyzed polymeric material comprising a hydrocarbon block and a silicon-containing 
block. 

85. The capacitor of Claim 80, wherein the capacitor is integrated into a DRAM cell. 

86. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising nanostructures comprising a polymeric silicon-comprising ceramic 
formed by UV irradiation and ozonolysis of a polymeric material comprising a hydrocarbon 
block and a silicon-containing block; 

a dielectric layer overlying the lower capacitor plate; and 

an upper capacitor plate overlying the dielectric layer. 

87. The capacitor of Claim 86, wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a relief nanostructure. 

88. The capacitor of Claim 86, wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a porous nanostructure. 

^ A method of forming a low e r capacitor e l e ctrod e ov e r a substrate in a s e miconductor 

d e vice, th e method comprising the steps of: 
forming a texturizing underlayor by: 

depositing a conformal layer of a first conductive metal onto the substrate; 
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d e positing one or moro conformal layers of a second conductive motal over tho first 
conductive metal layer; 

ann e aling th e first and s e cond conductive metal layers; and 
d e positing a lay e r of a third conductive metal in gas phas e onto th e t e xturizing lay e r. 

9& The method of Claim 89, wherein tho depositing third conductive layer agglomerat e s into 

clust e rs onto the texturizing lay e r. 

^ Th e method of Claim 90, wherein th e t e xturizing layer comprises a strain reli e f pattern. 

^ Th e method of Claim 89, wherein tho step of depositing th o fir s t conductiv e metal is by 

chemical vapor deposition, or physical vapor deposition. 

^ The method of Claim 89, whor o in tho stop of depositing the second conductive metal is 

by ch e mical vapor d e position, evaporation, or physical vapor d e position. 

94: Th e m e thod of Claim 89, wherein th e step of d e positing th e second conductive metal 

comprises depositing a plurality of monolayers of th o s e cond conductiv e m o tal. 

^ Th e method of Claim 89, wh o roin the third conductive m e tal is d e posited by an 

e vaporation technique. 

9& The method of Claim 89, whoroin tho first conductive metal comprisos platinum. 

93-' Th e m e thod of Claim 96, wheroin th e second conductiv e metal is s e l e ct e d from th e group 

consisting of silver and coppor. 

9& Th e method of Claim 89, whoroin th e second and third conductive m e tals comprise 

silv e r. 
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Tho method of Claim 9 8 , wherein the firot and second metal layers arc annealed to a 

t e mperatur e of about 8 00K. 

W0= — Th e method of Claim 98, wherein tho stop of depositing the third conductive metal 
comprises depositing the silver in gaseous form by evaporation technique at a temperature of 
about 100K to about 130K. 

4 ^ — The method of Claim 89, wherein tho first conductive metal is platinum, tho second 
conductive metal is copper, and the third conductive metal is cobalt. 

^ — Tho method of Claim 89, further comprising, after the stop of depositing the layer of tho 
third conductive metal, tho steps of: 

forming a diol e ctric layer over tho low e r capacitor e lectrode; and 

forming an upper capacitor electrod e over tho di e lectric layer. 

— Tho method of Claim 89, whoroin the substrate comprises a diffusion area, and a 
conductive plug is formed in an opening through tho insulativo layer and in oloctrical contact 
with the diffusion ar e a and the lower capacitor electrode. 

^ — Th e method of Claim 89, whoroin tho capacitor is intogratod into a DRAM cell. 

— A method of forming a lower capacitor oloctrodo in a s e miconductor dovico, tho method 
comprising tho stops of: 

forming a toxturizing undorlaycr by depositing a layer of a first conductive metal onto a 
s ubstrate, and a layer of a second conductive metal ovor tho first conductive metal layer; and 
annealing tho first and second conductive metal layers to form a periodic network of 
m e tal comprising nanostructuros; and 

depositing a layer of a third conductive metal in gas phase onto the toxturizing layer. 
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— Th e m e thod of Claim 105, wherein depositing the third conductive metal results in a 
plurality of island clust e rs form e d over the texturizing layer. 

— A m e thod of forming a lower capacitor e l e ctrod e in a container formed within an 
insulative layer overlying a substrat e in a semiconductor d e vic e , th e method comprising the steps 
e£ 

d e positing a lay e r of a first conductiv e metal onto th e insulativ e layer; 

d e positing a lay e r of a s e cond conductive metal onto the first conductiv e m e tal layer; 

annealing th e first and s e cond conductive m e tal layers to form a t e xturizing layer 
comprising p e riodically array e d nanostructur e s; and 

d e positing a layer of a third conductiv e metal in gas phase onto the texturizing layer, 
wh e r e in th e d e positing third conductive layer agglomerat e s onto th e t e xturizing layer to form 
cluster s . 

— Th e m e thod of Claim 107, wher e in th e step of depositing the s e cond conductiv e m e tal 
compris e s d e positing a plurality of monolayers of th e s e cond conductiv e m e tal. 

— Th e m e thod of Claim 107, wherein th e first conductiv e m e tal comprises platinum. 

— Th e method of Claim 109, wherein th e second and third conductiv e metals compris e 
silver. 

— Th e m e thod of Claim 110, wher e in th e first and second metal lay e rs are ann e aled to a 
t e mp e rature of about 800K. 

— Th e method of Claim 1 10, wherein th e step of depositing the gas phase third conductive 
m e tal is at a t e mp e ratur e of about 100K to about 130K. 
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— Th e method of Claim 107, wherein the first conductive metal comprises platinum, the 
s e cond conductive m e tal comprises copper, and the third conductiv e metal comprises cobalt. 

— Th e method of Claim 107, further comprising, aft e r the st e p of depositing the lay e r of the 
third conductive m e tal, the steps of: 

forming a di e l e ctric lay e r ov e r th e lower capacitor electrod e ; and 
forming an upper capacitor electrod e over the diel e ctric layer. 

+^ — A m e thod of forming a capacitor in a semiconductor device, comprising th e st e ps of: 

providing a substrat e comprising a diffusion ar e a, an insulativo layer overlying the 
substrat e , a conductive plug formed in an opening through the insulativ c lay e r and in el e ctrical 
contact with the diffusion ar e a in th e substrat e , and a container opening formed through the 
insulating layer to e xpos e a portion of the conductive plug; 
forming a toxturizing und e rlaycr by: 

depositing a conformal lay e r of a first conductiv e metal onto the insulativc lay e r; 
d e positing a conformal lay e r of a second conductive m e tal over th e first conductive 
m e tal lay e r; and 

ann e aling th e first and s e cond conductive metal lay e rs to form m e tal comprising 
surface dislocations over th e insulativ e layer; 

d e positing a lay e r of a third conductive metal in gas phas e onto th e t e xturizing layer to 
form th e low e r capacitor e lectrode, wher e in th e depositing third conductiv e layer 
agglomerat e s onto the surface dislocations of the toxturizing layer to form nanostructur e s; 
forming a di e l e ctric layer over the lower capacitor electrode; and 
forming an upp e r capacitor e lectrod e over th e di e lectric layer. 

++k — The method of Claim 115, wherein the nanostructures arc in the form of island clusters. 

— Th e m e thod of Claim 115, wh e rein the first conductive m e tal comprises platinum, and 
the second and third conductive m e tals comprise silver. 
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^ — The method of Claim 115, wherein the first conductive motal comprises platinum, the 
second conductive motal comprises copper, and the third conductive metal comprises cobalt. 

^ — The method of Claim 1 15, further comprising, after the stop of depositing the third 
conductive layer, the steps of forming a barrier layer to fill the container, removing the 
conductiv e layers of the lower capacitor electrode from horizontal surfaces of the insulativc 
layer, and removing the barrier layer from the container. 

4 " 3 & — The method of Claim 119, wherein the barri e r layer comprises a resist material. 

^ — The method of Claim 120, wherein the stop of removing the barrier layer comprises a wet 
e tch process. 

4335 — The m e thod of Claim 119, wher e in the stop of removing the conductive layers is by 
chemical mechanical polishing. 

4337 — The method of Claim 1 19, further comprising, after the step of removing the barrier 
layer, the step of removing native oxide from exposed surfaces of the insulating layer and the 
low e r capacitor electrode. 

+24, — The method of Claim 123, wherein the step of removing the native oxide comprises a 
hydrofluoric acid clean. 

^ — A method of forming a capacitor in a semiconductor device, the semiconductor device 
comprising a substrate, an insulativc layer overlying the substrate, a conductive plug formed 
within an opening in the insulativc layer and in electrical contact with an active area within the 
substrate, and a container formed through the insulating layer and exposing a surface of the 
conductive plug; the method comprising the stops of: 
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forming a tcxturizing underlayor by forming a layer of a first conductive metal onto tho 
insulativc layer, and a layer of a second conductive metal over the first conductive metal layer; 
and ann e aling th e first and second conductiv e m e tal lay e rs to form m e tal comprising surface 
dislocations over th e insulativ e lay e r; and 

forming a conductive layer over the t e xturizing lay e r to form the lower capacitor 
e l e ctrode by depositing a layer of a third conductive metal in gas phas e onto th e tcxturizing 
layer, wherein the depositing third conductiv e layer agglomerates onto tho tcxturizing layer to 
form island clusters on th e surfac e dislocations of th o t e xturizing lay e r; 

forming a barri e r layer to fill the container; 

removing th e conductiv e lay e rs from horizontal surfaces of tho insulativc lay e r; 
r e moving th e barrier lay e r from th e container; 
forming a di e l e ctric lay e r over th e low e r electrode; and 
forming an upp e r capacitor e l e ctrod e ov e r tho di e l e ctric layer. 

— The method of Claim 125, wher e in th e third conductiv e metal is d e posited in gas e ous 
form by an evaporation techniqu e . 

— Th e m e thod of Claim 125, wh e rein the first conductive metal comprises platinum. 

— Th e method of Claim 127, wh e rein the s e cond and third conductive m e tals compris e 
silv e r. 

— The m e thod of Claim 125, further comprising, after the step of r e moving th o barri e r 
layer, th e step of removing native oxide from exposed surfaces of tho insulating layer and the 
conductiv e layer. 

130. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising surface dislocations comprising an annealed conductive metal, and 
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the overlying conductive layer comprising clusters of a conductive metal formed on the surface 
dislocations of the texturizing layer; 

a dielectric layer overlying the lower capacitor plate; and 

an upper capacitor plate overlying the dielectric layer. 

131. The capacitor of Claim 1 30, wherein the texturizing layer comprises a strain relief 
pattern. 

1 32. The capacitor of Claim 1 30, wherein the texturizing layer comprises a trigonal 
dislocation network comprising a plurality of unit cells. 

133. The capacitor of Claim 130, wherein the overlying conductive layer comprises one island 
cluster within a single unit cell of the dislocation network. 

1 34. The capacitor of Claim 1 30, wherein the texturizing layer comprises an annealed layer of 
a first and second conductive metal, the first conductive metal selected from the group consisting 
of platinum, and the second conductive metal is selected from the group consisting of silver, and 
copper. 

135. The capacitor of Claim 130, wherein the texturizing layer comprises an annealed layer of 
platinum and silver, and the overlying conductive layer comprises a gaseous deposit of silver. 

1 36. The capacitor of Claim 130, wherein the texturizing layer comprises an annealed layer of 
platinum and copper, and the overlying conductive layer comprises a gaseous deposit of cobalt. 

137. The capacitor of Claim 1 30, wherein the upper capacitor plate comprises a doped 
polysilicon. 
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an upper capacitor plate overlying the dielectric layer. 

145. The capacitor of Claim 144, wherein the conductive layer comprises a gaseous deposit of 
a third conductive metal to form the agglomerated island clusters. 

146. The capacitor of Claim 144, wherein the texturizing layer comprises platinum and silver, 
and the overlying conductive layer comprises silver. 

147. The capacitor of Claim 144, wherein the texturizing layer comprises a strain relief 
pattern. 

148. The capacitor of Claim 144, wherein the texturizing layer comprises a trigonal 
dislocation network comprising a plurality of unit cells. 

149. The capacitor of Claim 148, wherein the overlying conductive layer comprises one island 
cluster within a single network unit cell of the texturizing layer. 

150. The capacitor of Claim 144, wherein the capacitor is integrated into a DRAM cell. 

151. A semiconductor circuit, comprising a capacitor; 

the capacitor comprising a lower capacitor plate comprising a conductive layer overlying 
a texturizing layer; the texturizing layer comprising nanostructures comprising a silicon 
oxycarbide ceramic and formed by ultraviolet irradiation and ozonolysis of a polymeric material 
comprising a hydrocarbon block and a silicon-containing block. 

1 52. The semiconductor circuit of Claim 151, wherein the nanostructures form a periodic 
network, and the overlying conductive layer comprises an ordered array of island clusters. 

153. The semiconductor circuit of Claim 151, wherein the nanostructures are in the form of 
porous structures. 
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1 54. The semiconductor circuit of Claim 151, wherein the nanostructures are in the form of 
relief structures. 

1 55. The semiconductor circuit of Claim 151, wherein the conductive layer of the lower 
capacitor electrode comprises doped amorphous silicon, pseudo-crystalline silicon, or 
polycrystalline silicon. 

1 56. The semiconductor circuit of Claim 151, wherein the conductive layer of the lower 
capacitor electrode comprises a conductive metal. 

157. A semiconductor circuit, comprising a capacitor; 

the capacitor comprising a lower capacitor plate comprising a conductive layer overlying 
a texturizing layer; the texturizing layer comprising an annealed layer of a first and a second 
conductive metal comprising surface dislocations; and the overlying conductive layer comprising 
agglomerated island clusters of a conductive metal on the surface dislocations of the texturizing 
layer. 

1 58. An integrated circuit, comprising: 
an array of memory cells; 
internal circuitry; and 

at least one capacitor formed in a container and in electrical contact with an active area 
within a semiconductive substrate of the memory cell array, the capacitor comprising a lower 
capacitor plate comprising a conductive layer overlying a texturizing layer; the texturizing layer 
comprising nanostructures comprising a polymeric silicon-comprising ceramic formed by UV 
irradiation and ozonolysis of a polymeric material comprising a hydrocarbon block and a 
silicon-containing block. 



22 

MKE/829489.1 

USSN 10/050,390 

Docket: MTI-3 1269 

Claims (amended March 2003) 



